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SEMICONDUCTOR DEVICE PACKAGE AND METHOD

FIELD OF THE INVENTION

The present invention relates to a method of packaging semiconductor devices.

The present invention also relates to semiconductor device packages, including ball grid array

(BGA) packages.

BACKGROUND OF THE INVENTION

A method ofmaking ball grid array packages is described in U.S. Patent Application

No. 09/317,957, filed May 25, 1999. According to that method, individual semiconductor

devices are attached to a patterned strip, and then the devices are electrically connected to ball

grid arrays on the opposite side of the strip, and then the strip is segmented to produce

finished packages. A disadvantage associated with the method described in the '957

application is that each semiconductor device must be individually positioned with respect to

the strip. The devices are spaced apart from each other along the length of the strip.

Consequendy, a separate alignment step is required for each package. In addition, since the

semiconductor devices are separated from each other before they are connected to the ball

grid arrays, the devices must be tested and burned-in separately. The entire disclosure of U.S.

Patent Application No. 09/317,957 is expressly incorporated herein by reference.

Another method of making ball grid array packages is described in U.S. Patent No.

5,858,815 (Heo). According to the Heo method, a wafer is attached to a film such that bond

pads are exposed through openings in the film, and then the bond pads are connected to

solder balls on the opposite side of the film, and then the layered assembly is sawed into chip-

sized packages. There are numerous disadvantages associated with the Heo method. Among

them is that the packages do not have sufficient stiffness. In addition, the prior art does not

provide a satisfactory method of testing the Heo packages, and the prior art does not provide a

suitable method of aligning the wafer with respect to the film.
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The term "ball grid array" is used herein in a broad sense to include fine pitch ball

grid arrays (FBGAs) within its definition.

SUMMARY OF THE INVENTION

The present invention overcomes many of the disadvantages of the prior art. The

present invention relates to a method ofmaking semiconductor device packages. The method

includes the steps of forming a layered assembly by attaching a wafer to a dielectric layer,

testing semiconductor devices in the wafer, and then dicing the layered assembly. The

dielectric layer may be, for example, a flexible tape. The semiconductor devices may be chips

containing integrated circuits or memory devices. The dicing operation may be performed by

a circular saw or by another suitable dicing apparatus.

According to one aspect of the invention, the semiconductor devices are connected

to input/output devices on the dielectric layer, before the testing and dicing steps. The

input/output devices may be ball grid arrays (BGA) for board-on-chip (BOC) packages, if

desired. The full wafer testing may be conducted through the ball grid arrays.

According to another aspect of the invention, defective packages identified during

the testing step may be marked, segregated from the other packages, and discarded. The

present invention should not be limited, however, to the specific methods and devices

described in detail herein.

According to another aspect of the invention, a metal sheet may be included in the

layered assembly before the testing and dicing steps. The metal sheet forms stiff metal layers

in each of the finished packages. The metal layers may be used as heat spreaders and/or as

electrical ground planes.

If desired, wire bonds may be used to connect the semiconductor devices to the ball

grid arrays. In another embodiment of the invention, flip chip bumps on the semiconductor

devices and conductive vias in the dielectric substrates are used to connect the semiconductor
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devices to the ball grid arrays. In either case, the electrical connections may be made after the

wafer is adhered to the dielectric tape and before the layered assembly is diced into separate

finished packages.

Alignment of the wafer with respect to the dielectric tape may be accomplished by

an optical device or by a magnetic system. In a preferred embodiment of the invention, the

active components of all of the semiconductor devices are simultaneously aligned to the

respective connection devices on the tape.

The present invention also relates to a ball grid array package formed of a

semiconductor device and a dielectric substrate. The edges of the device and the substrate are

formed by a common sawing operation and as a consequence are aligned with each other.

The package may also be provided with a stiff metal layer. The package may be tested before

it is singulated from a wafer-tape assembly.

These and other features and advantages of the invention will be more clearly

understood from the following detailed description of the invention which is provided in

connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a semiconductor device package constructed in

accordance with the present invention.

FIG. 2 is partial top view of a wafer-tape assembly constructed in accordance with

the present invention, showing multiple packages in an intermediate stage of manufacture.

FIG. 3 is a cross-sectional view of the assembly of FIG. 2, taken along the line 3-3.

FIG. 4 is a cross-sectional view of another semiconductor device package

constructed in accordance with the present invention.
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FIG. 5 is a perspective view of a package similar to the one shown in FIG. 4.

FIG. 6 is a cross-sectional view of another package constructed in accordance with
*•

the present invention.

5

FIG. 7 is a cross-sectional view ofyet another package constructed in accordance

with the present invention.

FIG. 8 is a cross-sectional view of yet another package constructed in accordance

10 with the present invention.

FIG. 9 illustrates a magnetic system for aligning the wafer-tape assembly ofFIGS. 2

and 3.

15 FIG. 10 illustrates another magnetic alignment system constructed in accordance

with the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

^ 20 n \
S^eferring now to the drawings, where like reference numerals designate like

/dements, therelss^hown in FIG. 1 a semiconductor device package 10 constructed m

accordance with one erhlxxliment of the present invention. The package 10 has a

semiconductor device 12, a^kjectric substrate 14, and a ball grid array (BGA) 16. The

semiconductor device 12 has an integrated circuit (not shown)* A suitable adhesive 18 may be

25 used to secure the semiconductor device rSstt) the substrate 14. The semiconductor device

12 and the substrate 14 may be diced from a lay£*cd wafer-tape assembly 20 as described in

more detail below in connection with FIG. 2. The dicihgorocess causes the edges 22 of the

substrate 14 Co be aligned with the edges 24 of the semiconductor device 12.

Z^g^p The ball grid a^a^l6 may be used to mechanically and electrically connect the

^ /'package 10 to a circuit board (riqt shown). Wire bonds 26, bond pads 28, circuit traces 30,
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ahd ball pads 32 may be used to provide electrical communication between the semiconductor

device 12 and the ball grid array 16. The wire bonds 26 extend through a slot-shaped

opening 34. The traces 30 may be printed on the top surface 36 of the substrate 14 (before

the semiconductor device 12 is adhered to the substrate 14). An insulative solder mask 38

extends over\he traces 30. The mask 38 has openings 40 for receiving the individual balls of

the ball grid arraV 16. A screen printing process may be used to apply the solder mask 38 as a

paste to the entire surface of the substrate 14 except for the slot-shaped opening 34 and the

ball pads 32. The wirkbonds 26 and the bond pads 28 may be encapsulated in a suitable

The substrate 14 may be a thin, flexible film. The film may be formed of a variety

of dielectric materials, including for example FR-4/BT resins, epoxy, polyimide, KAPTON,

UPLEX, and ceramic materials. The wire bonds 26 may be formed of gold, aluminum,

copper or another suitable material. The traces 30 are formed of a conductive material such as

copper, phosphor bronze, copper-nickel alloy, copper-nickel-tin alloy, or nickel-silver alloy.

The adhesive 18 may be formed of a suitable die-attach material such as epoxy, resin,

thermoplastic and/or elastomeric material. The ball grid array 16 may be formed of lead

and/or tin. Alternatively, the ball grid array 16 may be formed of conductive polymer (metal

suspended in a liquid). The present invention should not be limited to the specific materials

and instrumentalities described in detail herein.

The wafer-tape assembly 20 shown in FIG. 2 is formed by aligning a

silicon/semiconductor wafer 50 with respect to a slotted flexible tape 52. The wafer 50

contains many semiconductor devices 12. The tape 52 includes a corresponding number of

slot-shaped openings 34. The bond pads 28 of the semiconductor devices 12 are aligned with

the respective openings 34. (The bond pads 28, traces 30, and ball pads 32 are not shown in

FIG. 2 for the sake of clarity of illustration.) Optical techniques may be used to achieve the

desired alignment, and other suitable alignment methods are described below.

As shown in FIG. 3, the wafer 50 and the tape 52 are attached to each other by

adhesive 18. The adhesive 18 may be screen printed onto the wafer 50 and/or the tape 52.
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The bond pads 28 are not covered by the adhesive 18. The attachment of the wafer 50 to the

tape 52 may be accomplished by applying heat and/or pressure to the layered assembly 20.

Alternatively, a gas evacuation/purge process may be used to remove gas from between

adjacent layers 50, 52 of the assembly 20.

Although a slotted tape 52 is shown in the drawings, the present invention should

not be limited to the specific structures shown and described in detail herein. In an alternative

embodiment of the invention, a circular dielectric sheet having the same diameter as the wafer

50 may be used to form the substrates 14.

After the wafer 50 is adhered to the tape 52, the wire bonds 26 are installed

to connect the bond pads 28 of the semiconductor devices 12 to the respective traces 30 on

the top surface 36 of the tape 52. The ball grid arrays 16 are then placed on the ball pads 32,

and the encapsulant 42 may be molded over the slot-shaped openings 34. Then the

semiconductor devices 12 may be tested and burned-in through the ball grid arrays 16. After

the full wafer 50 is tested and burned in, the assembly 20 is diced to form the individual

packages 10. The dicing process may be accomplished by sawing through the assembly 20

along lines defined by the edges 22, 24 of the semiconductor devices 12 and substrates 14.

An advantageous aspect ofthe present invention is. the ability to determine the

functionality of the packages 10 by full wafer testing and burning-in the entire wafer-tape

assembly 20, rather than testing and burning-in singulated packages. Specifically, before the

individual packages 10 are diced from the assembly 20, all of the packages 10 may be tested,

through the respective ball grid arrays 16, by a suitable testing apparatus. If any package 10 is

found to be defective, known electronic mapping apparatus and methodologies may be used

to electronically mark the defective package(s) 10 such that, subsequent to the dicing

operation, the defective package(s) 10 may be discarded or segregated from the non-defective

packages 10.-

FIG. 4 shows a semiconductor device package 60 constructed in accordance with

another embodiment of the present invention. The package 60 has a metal layer 62 located
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between the semiconductor device 12 and the substrate 14. In the illustrated embodiment,

the substrate 14 is laminated to the metal layer 62. The metal layer 62 may be used to stiffen

the package 60. In addition, the metal layer 62 may be used as a heat sink to dissipate heat

from the semiconductor device 12, and the metal layer 62 also may be used as an electrical

ground plane in the manner described in the '957 application. The metal layer 62 may be

formed of copper, alloy-42 or another suitable material. Copper is a preferred material

because it provides an adequate coefficient of thermal expansion (CTE) match to the other

materials of the package 60. In addition, copper has excellent thermal and electrical properties

(namely, high conductivity).

e package 60 may be singulated from a wafer-tape assembly of the type shown in

FIGS. 2 and 3Nwith respect to the FIG. 4 embodiment, however, a metal sheet (not shown)

is located betweeirdie wafer 50 and the tape 52 before the dicing operation. The metal layer

62 is singulated fronrthe metal sheet when the assembly is diced (after full wafer testing). The

15 metal sheet may cover afl\pf the semiconductor devices 12 in the wafer 50. The dicing

operation causes the edges of the metal layer 62 to be aligned with the edges 22, 24 of the

substrate 14 and the semicono^ctor device 12. As in the embodiment ofFIGS. 1-3, plural

packages 60 may be tested and bm^ed-in before they are singulated from the layered

assembly.

^ 20

FIG. 6 shows a semiconductor device package 70 constructed in accordance with

yet another embodiment of the present invention. The package 70 has a dielectric substrate

72 with metal-plugged vias 74. In contrast to the packages shown in FIGS. 1-5, the package

70 of FIG. 6 does not have a slot-shaped opening 34 or encapsulant 42. In the FIG. 6

25 embodiment, interior and exterior circuit traces 76, 78 are patterned on the top and bottom

surfaces of the substrate 72 to provide electrical communication between the semiconductor

device 12 and the ball pads 32.

The interior traces 76 make contact with flip chip bumps 80 on the active surface of

30 the semiconductor device 12, and the exterior traces 78 are connected to the interior traces 76

through the vias 74. If desired, the bumps 80 may be formed of a tin/lead alloy (e.g., 63%
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Sn/37% Pb). The bumps 80 may be reflowed to connect the semiconductor device 12 to the

substrate 72. rt
The area between the substrate 72 and the semiconductor device 12 may be

underfilled with adhesive 18 or another suitable material, if desired. The diameter ofeach

metal-plugged via 74 may be, for example, in a range from about 25 microns (0.001 inches)

5 to about 200 microns (0.008 inches). The small vias 74 may be utilized to arrange a large

number of circuits in a relatively small area.

Suio fe0*^? "\As shown in FIG. 6, a solder mask 82 extends over the exterior traces 78. The

S mask 82 has\>penings 40 aligned with the ball pads 32 for receiving the solder balls and/or

10 conductive bumjsts of the ball grid array 16. The mask 82 extends all the way across the

central portion 84 o!Rdie substrate 72. Similarly to the FIGS. 1-5 embodiments, the package

p 70 shown in FIG. 6 ma^be singulated from a wafer-tape assembly. That is, the substrate 72

S may be diced from a larger sheet of dielectric material (not shown) after the sheet is attached

y to a wafer 50, and after all of di^spackages 70 are tested and burned-in. The dicing operation

111 15 causes the edges 24 of the semiconductor device 12 to be aligned with the edges 86 of the

1% substrate 72.

y (3>5^> tfdesired, a metal layer 90 (FIG. 7) may be attached to the semiconductor device

yi2 by a suitable acfli^sive 92. The thickness of the metal layer 90 may be in the range offrom

20 about 0.13 millimeters t^about 0.25 millimeters. The metal layer 90 may operate as a heat

sink or heat spreader to tJiennaH^stabilize the semiconductor device 12. In addition, the

metal layer 90 may provide stiffiiess^fciMlie package 94. The metal layer 90 is preferably

attached to the semiconductor device 12 Bfefore the device 12 is singulated from the wafer 50.

This way, the metal layer 90 provides stiffness tcHtie wafer-tape assembly prior to and during

25 the dicing operation. The dicing operation causes th^c^ges 96 of the metal layer 90 to be

aligned with the edges 24, 86 of the semiconductor device jb^and the substrate 72.

According to an alternative embodiment of the invention, a thin layer of metal 91

(FIG. 8) is located on the back side of the semiconductor device 12. A layer of adhesive 92 is

30 located between the thin layer of metal 91 and a thicker metal layer 90. The adhesive 92 may

extend through the thin layer of adhesive 91 to provide adherence to the semiconductor
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device 12. The thickness of the thin metal layer may be about 0.00254 millimeters. The

product showjci in FIG. 8 otherwise may be the same as the one shown in FIG. 7.

Referring now to FIG. 9, magnetic devices 100, 102 may be used to align the wafer

50 with respect to the dielectric tape 52. The devices 100, 102 may be oppositely charged

(+/-) so that they are attracted to each other. The illustrated alignment method may be used

to ensure that the die pads 28 of the wafer 50 are aligned with the corresponding openings 34

in the layered assembly 20 of FIGS. 2 and 3. FIG. 10 shows an alternative alignment method,

in which a magnetic ring 104 is formed in the tape 52 and an oppositely charged slot 106 is

formed in the wafer 50. The ring 104 is caused to center itselfwithin the slot 106, such that

the wafer 50 is adequately aligned with the tape 52 to form the assembly 20 ofFIGS. 2 and 3.

In an alternative embodiment of the invention, the ring 104 may be provided on the wafer 50

and the charged slot 106 may be formed in the dielectric tape 52. An advantage of the

present invention is that a separate magnetic alignment system 100-106 is not required for

each individual package 10, 60, 70, 94.

While the invention has been described in detail in connection with the preferred

embodiments known at the time, it should be readily understood that the invention is not

limited to such disclosed embodiments. Rather, the invention can be modified to incorporate

any number of variations, alterations, substitutions or equivalent arrangements not heretofore

described, but which are commensurate with the spirit and scope of the invention.

Accordingly, the invention is not to be seen as limited by the foregoing description, but is

only limited by the scope of the appended claims.

What is claimed as new and desired to be protected by Letters Patent of the United

States is:
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